We cloned the Xenopus homologue of cadherin-11 and studied its spatiotemporal expression pattern during early development. The messenger RNA is present from the mid-gastrulation through embryo development. It is expressed in different neural crest cell populations, during their migration and differentiation. This pattern, unexpected for an adhesion molecule, reinforces the idea of novel functions for type II cadherins.
Results
Cadherins are transmembrane glycoproteins responsible for Ca 2 + -dependent cell-cell adhesion. They play a fundamental role in embryo development as well as in tumour progression (Broders and Thiery, 1995; Takeichi, 1995) . In Xenopus embryo, six cadherins have been identified to date and shown to be required for many morphological events (for a review see Kühl and Wedlich, 1996) .
Cadherin-11 was first identified in human (Tanihara et al., 1994a) . Surprisingly, studies in mouse and rat showed that this new cadherin was specific of mesenchymal cells (Hoffmann and Balling, 1995; Kimura et al., 1995; Simmoneau et al., 1995) . So far, it is not clear whether this cadherin is adhesive or not.
In order to study this protein in Xenopus development, we isolated and sequenced a cDNA containing the whole coding region (Fig. 1) . The predicted amino acid sequence has a very high degree of identity with human cadherin-11 (see Fig. 2 ; 84% of identities, to compare with 63% for E-cadherins).
Northern-blot analysis of stage 37 embryo mRNA reveals a 4-kb message (data not shown). The signal is weak, indicating that the level of cadherin-11 expression may not be very strong. Using semi-quantitative reverse transcription polymerase chain reaction (RT-PCR), we determined that expression starts at stage 11 (early gastrula) and increases steadily through early development (Fig. 3) . In order to localise this mRNA, we performed RT-PCR on dissected embryos (Fig. 4) . At stage 14 (early neurula), there is no clear localisation, but later the mRNA accumulates in the dorso-anterior part of the embryo, as seen in stage 17. From stage 19, this mRNA is detectable by in situ hybridisation (Fig. 5A) . It is first expressed in the anterior neural fold (stage 19), from where anterior neural crest cell migration begins at this precise stage. Cadherin-11 expression is high in migrating cells: in the mandibular crest segment, which moves quickly around the eye anlage (stages 21, 23, 25 and section) as well as in the hyoid and branchial crest segments (stages 23, 25, 28 and section). These cells continue to express a high level of cadherin-11 after migration, at which point they start to differentiate (see condensing head mesenchyme in stage 39). This expression pattern matches exactly the pattern of Twist, which has been used as a neural crest cells marker.
Some trunk neural crest cells also express cadherin-11 during their migration. This can be seen in Fig. 5B for cells migrating in the dorsal fin. At stage 28, a few positive cells are visible in the most anterior part of the fin. These cells are the first to leave the neural tube and colonise the dorsal fin (Collazo et al., 1993) . At stage 31, positive cells also appear more posteriorly. This corresponds to the wave of colonisation by neural crest cells to the caudal tip of the fin.
Xenopus cadherin-11 is expressed in several of migrating neural crest cell populations. This finding supports the idea that 'type II' cadherins (Tanihara et al., 1994a) may have a different role to the 'classical' ones, which are known to promote adhesion and inhibit motility (Tanihara et al., 1994b; Chen et al., 1997) . It seems obvious according to its expression pattern that cadherin-11 does not inhibit motility. More work has to be done to know whether this cad- herin is adhesive or not and then to understand its precise role in Xenopus development.
Methods

Isolation of Xenopus cadherin-11 cDNA
PCR using degenerate primers was used as described previously (Broders et al., 1993) to obtain a Xenopus cadherin-11 EC5-probe. Screening of a stage 42 xenopus cDNA library in lgt10 (gift from Michel Philippe) was performed with this probe in high stringency conditions. A partial cDNA was cloned and sequenced on an ABI 310 automatic sequencer (Perkin-Elmer, Foster City, USA).
Reverse transcription polymerase chain reaction
Embryos from different fertilisations were pooled and staged according Nieuwkoop and Faber (1967) . Total RNA was extracted using the guanidium thiocyanate/acid phenol method and 1 mg was used as a template for AMV reverse transcription (Stratagene, La Jolla, USA). Multiplex semi-quantitative PCR was performed as described (Radvanyi et al., 1993) , using primers designed for cadherin-11 (F: 5′-CCTATGAAGCCTTTGTCTGT, R: 5′-CGGTACTTA-GTCCAGCATTA, 60°C, 32 cycles) and histone H4 as an internal control.
In situ hybridisation
A cDNA plasmid coding for EC3-EC5 domains of cadherin-11 was used to prepare sense and antisense riboprobes. In situ hybridisation was performed according to Harland (1991) with minor modifications as described in Mayor et al. (1995) . Some embryos were embedded in paraffin and sectioned at 14 mm. The Twist probe was a gift from Roberto Mayor. 
